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Twenty patients with a chronic total coronary artery
occlusion were studied before and 1 to 48 months (mean
9) after successful recanalization by angioplasty and
compared with a group of 20 normal subjects. Before
angioplasty, 19 of these 20 patients had angina. Collat-
eral vessels to the distal part of the occluded vessel were
visible in all 20 patients. A previous myocardial infarc-
tion was documented in 14 patients (9 with a Q wave
and 5 with a non-Q wave infarction). At the time of
follow-up, three patients were symptomatic: one had
unstable angina and two had a positive stress test. The
follow-up angiogram showed a significant restenosis in
six patients and reocclusion in two. The mean ejection
fraction had improved slightly from 59 ± II % to 63 ±
9% (p < 0.05).
Left ventricular wall motion synchronism was studied
using two variables for 128 shortening segments: the
"time of peak contraction" and the "time of peak re-
laxation," as obtained from biharmonic Fourier trans-
formation for each segment. Their respective standard
deviations retlect the synchronism of contraction and
relaxation. The mean standard deviations of the two
Since 1982, several reports (1-4) have described successful
angioplasty of chronic total coronary occlusion . Long -term
clinical results seem satisfactory (4) . To our knowledge ,
improvement of left ventricular function after recanalization
has not been demonstrated . Nevertheless, patients with a
chronic coronary occlusion and visible collateral vessels to
the distal part of the occluded vessel may have viable myo-
cardium (5-7) in the pertinent territ ory . Restoration of suf-
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variables expressed in degrees of one cardiac cycle (3600 )
were respectively: 5.5 ± 0.40 for the time of peak con-
traction and 6.0 ± 0.50 for the time of peak relaxation
in the 20 normal subjects, 11.7 ± 1.70 and 23.0 ± 3.0 0
before recanalization and 9.6 ± 1.80 and 12.5 ± 2.20
at follow-up in the group of 20 patients. These values
were significantly higher (p < 0.05) in the patients than
in the normal group. The time of peak relaxation was a
more sensitive variable for separating patients with an
occluded vessel from the normal subjects. The increase
in the standard deviation of each variable was always a
consequence of delayed contraction or relaxation in the
territory of the occluded vessel. After recanalization,
synchronism improved for relaxation (p < 0.002) whereas
no significant improvement was observed for contrac-
tion.
This study shows improvement in ventricular func-
tion after recanalization of chronically occluded coro-
nary arteries. Abnormalities of relaxation probably cor-
respond to regional ischemia and to an absent "erectile
effect."
(1 Am Coil Cardiol 1987;9:763-8)
ficient blood flow to such area s may not nece ssaril y lead to
eas ily demonstrable changes in functional variables such as
ejection fraction and end-diastolic left ventricular pressure.
In this study we examined whether use of a sufficiently
sensitive method to anal yze regional wall motion would
permit detection of functional improvement after recanal-
ization of a chronic total occlusion . We studied the syn-
chronism of contraction and re laxa tion of the left ventricle
before and after successful recanalization and compared these
variables with those obtained from a normal group.
Methods
Study patients. Twenty-six con secutive patients with
success ful recanalization of a chronic total coronary occlu-
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sion and angiographic follow-up were studied. Six patients
were excluded because premature ventricular beats occurred
during one of the two ventriculographic studies. The 20
remaining patients (3 women and J7 men) had a mean age
of 53 years (range 23 to 70). Fourteen had a previously
documented myocardial infarction (nine Q wave and five
non-Q wave) in the region of the occluded vessel I to 6
months (mean 1.7) before angiography. Beforeangioplasty,
!9 were symptomatic (6 in New York Heart Association
functional class IV, 6 in class III and 7 in class II). Eleven
of the 12available stress tests were positive. The mean rate-
pressure product (maximal heart rate x maximal systolic
blood pressure) was 25,000 ± 4,000 mrn Hg/min. The six
patients in functional class IV were not exercised. The du-
ration of occlusion was estimated from clinical data (time
of infarction or sudden increase in angina) or, if available,
from the date of a previous coronary angiogram showing a
patent artery. The duration of occlusion was obtained for
19patients and varied from I to 6 months (mean 2). Follow-
up data were obtained I to 48 months (mean 9) after suc-
cessful recanalization. The medications used before angie-
plasty were beta-blocking agents in 7 patients, calcium an-
tagonists in 15 and nitrates in 17.
Twenty "normal" subjects (7 women and 13 men), stud-
ied because of chest pain of undetermined origin without
coronary or valvular lesions and without wall motion ab-
normality, were used as a control group. Their mean age
was 52 years (range 22 to 73).
Angiographic data. All 20 patients had visiblecollateral
vessels to the distal segment of the occluded vessel. The
left anterior descending coronary artery was occluded in 10
patients, the left circumflexartery in 5 and the right coronary
artery in 5. Seven patients had a significant lesion in an
additional vessel that was successfully dilated in four. Re-
canalization was considered successful when the residual
stenosis was ::::50% of diameter reduction. The mean' re-
sidual stenosis was 20% (range 0 to 50%). Left ventricu-
lography (25 frames/s) was performed before the coronary
angiogram in the 30° right anterior oblique projection, using
40 to 50 m! of a nonionic contrast medium (ioparnidol 370
or iohexol 350) that has little effect on left ventricular hemo-
dynamics (8). For premedication, 10 mg of diazepam was
administered orally about I hour before catheterization in
all 40 subjects. The cardiac medications are listed in Ta-
ble I.
Regional wall motion analysis. To analyze contraction
and relaxation as pure shape modifications of the left ven-
tricular silhouette during the cardiac cycle, the following
method was developed:
I) Realignment of the silhouettes. To eliminate transla-
tion and rotation components of the heart motion, the con-
tours were realigned by superimposition of the midaortic
points and of the axes defined by the midaortic point and
an apical point. This apical point was defined as follows:
Table l. Drug Therapy and Hemodynamic Variables of the 20
Patients Before Recanalization and at Follow-Up
p
Before Follow-Up Value
Beta-blocking agents 7 5 NS
(no. of patients)
Calcium antagonists 15 15 NS
(no. of patients)
Nitrates (no. of patients) 17 16 NS
Heart rate (beats/min) 72± 13 67 ± 12 NS
Mean arterial pressure (rum Hg) 89 ± 10 85 ± 22 NS
End-diastolic pressure (mm Hg) 14 ± 5 12 ± 2 NS
first the usual long axis of the silhouettes through the mid-
aortic point was determined. Then a perpendicular to this
axis was constructed at 19/20ths of its length (measured
from the midaortic point). This perpendicular line defined
an apical area whose center of gravity was the second point
of our new long axis (Fig. I).
2) Full cardiac cycle analysis. Successive left ventricular
contours of a selected cardiac cycle were drawn on mask
subtracted images (25 frames/s) and stored in the computer
(V AX-II17S0). End-diastole was defined as the onset of the
R wave.
The end-diastolic contour (first contour) was divided by
2 x 64 equidistant points: 64 on the upper contour part and
64 on the lower part. Linking these 128 points to the cor-
responding points of each following realigned contour cre-
ated 128 time-shortening segments. For each segment a
time-contraction-relaxation curve was obtained by a two-
harmonics Fourier fit of its length values during the cardiac
cycle. Two variables, the "time of peak contraction" and
the "time of peak relaxation" were defined as the time of
maximal and minimal value, respectively, of the first de-
rivative of the fitted curve (Fig. 2). The two variables (ex-
pressed in degrees because the duration of the cardiac cycle
Figure I. Definition of the long axis used for realignment. The
apical area is defined by a perpendicular line (c) to the usual long
axis (A) at a point that is 19/Z0ths of its length. The new long
axis (8) is then defined as the line running from the midaortic
point (rn) to the gravity center (dot) of the apical area.
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Figure 2. Above, One hundred twenty-eight shortening segments
are created between the diastolic and systolic realigned left ven-
tricular outlines. Below, The contraction-relaxation fitted curve of
one segment obtained by biharmonic Fourier transformation. Time
of peak contraction (TPC) and time of peak relaxation (TPR) are
the respective times when maximal and minimal values of the first
derivative of this curve are observed. The cardiac cycle is nor-
malized to 360°. L = length of the segment (relative values).
was normalized to 360°) had values corresponding to their
time location during the cardiac cycle. After exclusion of
the segments situated in the mitral valve region, the mean
and standard deviation of the two variables were computed.
In our experience, the means were of little interest. The
standard deviations, however, were valuable indicators of
the degree of synchronism of contraction and relaxation.
Our preliminary studies showed that contour realignment,
as compared with nonrealignrnent, provided a higher syn-
chronism in control subjects and a better discrimination
between control and pathologic states.
Statistical analysis. Groups were compared using the
two-tailed Student's t test or chi-square analysis. Signifi-
cance was defined as a probability (p) value less than 0.05.
Results
Clinical and angiographic results. At the time of fol-
low-up, drug therapy was not significantly changed (Table
I). Average heart rate and mean arterial and left ventricular
end-diastolic pressures were similar during both initial and
follow-up angiograms (Table I). Three patients were symp-
tomatic (one in functional class IV, one in class III and one
in class II). Nineteen of the 20 patients had a stress test and
it was positive in 2 symptomatic patients. The rate-pressure
Table 2. Ejection Fraction and Regional Wall Motion Synchronism in 20 Patients Before and 9 ± 10 Months After Recanalization
of a Coronary Artery with Chronic Total Occlusion
SD (degrees)
Ejection Fraction (%) Time of Peak Contraction Time of Peak Relaxation
Age (yr) Before At Follow- Before At Follow- Before At Follow-
Patient & Sex PMI Recanalization Up Recanalization Up Recanalization Up
l * 70M 0 55 62 li 8 47 22
2* 63F NO 63 61} IX I> 20 10
3t 61M NO 54 60 II 10 \~ 2li
4 48M 0 54 51} 27 36 41 20
5* 23M 0 6X 6X 24 IX 34 10
6 51M lI2 XO 5 5 45 7
7 64F 0 50 52 I} 3 39 4
8 43M 0 42 40 19 24 27 37
9 60M NO 56 62 I I 9 31 26
10 54M NO 63 70 24 li 20 20
II 60M 64 60 10 3 23 4
12* 46M 63 66 (, I 19 I
13 55M 0 57 60 19 9 15 6
14 63M 0 50 60 5 5 9 10
15 41M NO 60 73 6 6 6 5
16* 47M 60 55 (, 7 20 4
17 63M 76 70 3 4 5 5
18* 43M 0 42 5X 6 5 4 6
19 52F 77 77 II 12 15 15
20t 5l1M 0 50 60 X 10 li 9
*Patients with significant restenosis at follow-up: t patienls with reocclusion at follow-up. F = female: M = male. PMI = previous0 wave (0) or
non-Q wave (NO) myocardial infarction.
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Figure 3. Comparison of the standard deviations (SO) for time
of peak contraction (TPC) and time of peak relaxation (TPR) in
20 control subjects (N) and 20 patients with chronic total coronary
occlusion before and after recanalization by angioplasty (PCTA).
Standard deviations for both times of peak contraction and relax-
ation are significantly larger for patients with a coronary occlusion
than for the normal subjects. The standard deviations of times of
peak relaxation are significantly decreased after successful reca-
nalization whereas those of times of peak contraction are not,
product in patients before and after coronary artery reca-
nalization was significantly higher at follow-up (30,000 ±
5,000 mm Hg/rnin) than before angioplasty (25,000 ± 4000
mm Hg/min) (p < 0.05). Angiography showed significant
restenosis in six patients, and reocclusion in two (five had
successful repeat angioplasty, one was operated on and two
were further treated medically). Collateral vessels were vis-
ible only in the two patients with reocclusion. The ejection
fraction had slightly but significantly improved after reca-
nalization: 59 ± II % before versus 63 ± 9% at follow-
up (p < 0.05).
Synchronism of wall motion. In all control (probably
normal) subjects, the standard deviations of the two vari-
ables were < II 0, indicating higher synchronism of wall
motion than in the group of patients with coronary occlusion.
Table 2 lists individual results for ejection fraction and the
standard deviations of the two variables in the 20 patients
before and after angioplasty. Comparison of these results
with those of the control group (Fig. 3) shows that the two
groups differed significantly in both variables before and
after recanalization. The time of peak relaxation was the
more Sensitive variable: its standard deviations were > 11 0
ih 15 patients whereas standard deviations of the time of
peakcontraction were> 11 0 in only 7 patients (p < 0.02).
Standard deviations > 11 0 were always due to the delayed
occurrence of regional contraction and relaxation in the re-
gion of distribution of the concerned vessel (Fig. 4).
Figure 3 demonstrates the improved synchronism at fol-
low-up as revea.ledby the important reduction in the standard
deviations of the time of peak relaxation after recanal ization,
whereas the standard deviations of the time of peak con-
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Figure 4. Contraction-relaxation curves of
Patient 6 who had an occlusion of the left
anterior descending coronary artery but no
previous myocardial infarction. Above,
Curves from two shortening segments: one
from the anterior (Ant.) wall (left) and one
from the inferior (lnf.) wall (right). Below,
The same segments 3 months after successful
recanalization. Time of peak relaxation (TPR)
occurred very late in the anterior wall seg-
ment. After successful angioplasty (PTCA),
peak relaxation was nearly concomitant in
the anterior and inferior segments. The time
of peak contraction (TPC) did not show sen-
sitive modification before or after the pro-
cedure. L = length of the segment (relative
values).
L Inf.
•
o
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traction did not significantly decrease in these 20 patients.
In the two patients showing angiographic evidence of reoc-
c1usion (Patients 3 and 20), no significant improvement in
the two standard deviations was observed. Improvement in
the patients with restenosis was similar to that of the rest
of the group, Improvement in relaxation synchronism was
similar in patients with or without a previous infarction in
the pertinent territory, For two patients (Patients 2 and 17)
beta-blocker treatment was discontinued between the initial
and the control angiogram and was replaced by verapamil
treatment. Improvement in both variables was observed in
Patient 2 but there was no change in Patient 17.
Discussion
After successful recanalization of a chronictotal coronary
occlusion, most patients had subjective improvement and
relief of angina as documented by exercise testing, The
presenceof visible collateral vessels before balloondilation
in all 20 patients might explain this improvement because
parts of the myocardium might have remained viable in the
region of the occluded artery, even in the 14 patients with
myocardial infarction at the time of occlusion. Only two
patients had an ejection fraction <50% (42% in both). This
supports the assumption that the necrosed territory was of
moderate size in the majority of these 14 patients. The
obvious relief of angina was accompanied by only a slight
improvement in ejection fraction. Therefore, to assess the
recovery of supposed "stunned myocardium" (9), a more
sensitive evaluation was necessary.
Contraction and relaxation synchronism. The two
variables employed are somewhat comparable with those
used by Bonow(10) and Takeuchi(II) and theircoworkers.
The times of peak contraction or relaxation characterize
localcontraction or relaxation,obtainedwitha higherdegree
of accuracy from biharmonic Fourier transformation of the
contrast angiogram (II a) than from the first harmonic of
the radionuclide ventriculogram. The time of peak relax-
ation corresponds to early relaxation when the left ventric-
ular regional filling rate is maximal. The computation of
these two variables on 128 segments of the left ventricular
silhouettes allowed for an evaluation of wall motion ab-
normalities. The synchronism of contraction and relaxation
was appreciated by the comparison of the standard devia-
tions of each variable with those of control subjects.
The variation of the time (~fpeak relaxation was the more
sensitive variable. It was abnormal (higher than the highest
value in the control group) in 15 of the 20 patients. It is
well known that impaired relaxation can be present even in
the absenceof contraction abnormalities (10, 11,12-14), and
that it is thus a more sensitive indicatorof insufficient per-
fusion (14). In ischemic states, the isovolumic relaxation is
prolonged (13) and the maximal filling rate is lower (14,15).
These changes result in a delayed time of peak relaxation,
as observed in our patients with a totally occluded artery.
Possible explanations. Relaxation abnormalities are
probably a sign of. ischemia in our symptomatic patients.
Coronary recanalization leads to incomplete normalization
of the time of peak relaxation in the concerned territories,
resulting in improved synchronism of relaxation. One can-
not neglect the possibility of a purely mechanical effect,
possibly reactivated by the recanalization: the "erectile"
effect of the coronary pressure and flow (II a), which may
participate in this improvement of synchronism by increas-
ing the early filling rate.
It is also possible that the spontaneous evolution of the
myocardium in the territory of a persistently occludedvessel
supplied by strongcollateralcirculationdoes not differ from
that in a recanalized territory; however, this was not ob-
served in our two patients with reocclusion. Their times of
peak relaxation were unchanged at reinvestigation. Spon-
taneous improvement after myocardial infarctionis possible
but improvement in relaxation synchronism in the 6patients
without myocardial infarction was similar to that"in the 12
patients with a previous infarction and no reocclusion.
Limitations. A single plane right anterior oblique ap-
proach is certainly limited, especially for patients with an
occlusion of the left circumflex coronary artery. But our
five patientswithocclusionof this arteryhad an equilibrated
or dominant left circulation, and inhomogeneity of relax-
ation was present in four of them.
Conclusions. Recanalization of a chronic total coronary
occlusion improves left ventricular relaxation homogeneity
and also leads to objective clinical improvement. This sup-
ports the assumption that there is persistent reversible isch-
emia in the region of distribution of an occluded coronary
artery in the presence of visible collateral vessels.
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